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INTRODUCTION
The demonstration of cytochrome pigments in human sperm by Mann (1951) indicated that these cells possess a potential respiratory capacity. However, the extent to which this capacity is expressed has been a matter of controversy because of the conflicting results of manometric studies on oxygen uptake by semen and washed spermatozoa. In early studies with semen, Shettles (1940) reported a high respiratory rate with Zo2 values (µ1/108 spermatozoa/hr) between 6 and 10 and no oxygen uptake by the cell-free plasma. However, MacLeod (1941 , 1943 observed a much smaller respiration by spermatozoa in a plasma-free medium with Zo2 values between 1 and 2, which led him to suggest that oxygen uptake by semen is due solely to the seminal plasma. Ross, Miller & Kurzrok (1941) (Freund, 1962 (Freund, , 1963 ; sperm counts were made in quadruplicate as described by Freund & Carol (1964) . In some experiments pooled semen was used; in other experiments cells were separated from plasma by centri¬ fugation (270 g for 10 min), washed twice with a balanced salts medium (see below), and resuspended in the medium. The motility of spermatozoa in semen, rated at 37°C , varied between 50 and 70%, while motilities after washing varied between 30 and 50%.
Two low phosphate media were used, since it has been noted (White, 1954) that human spermatozoa rapidly lose motility upon dilution with phosphate diluents. It has also been found Freund & Mac¬ Leod, 1958; Rothschild, 1960 ) that dilution of human semen with 0-25 mdisodium phosphate or with a more complex phosphate buffer resulted in a reduction of metabolism and motility. Norman-Johnson-Solution 2 (N-J-2) (Norman, 1964) was used in some experiments since experience (Freund & Wiederman, 1966) (Peterson, Freund & Gilmont, 1967 S.s (Freund, 1962 (Freund, , 1963 Freund & Carol, 1964) (Terner, 1960 (Terner, , 1965 . Considering the amount of lactate produced (about 1 µ / 8 cells/ hr; Peterson & Freund, 1968) , it can be estimated that less than 1% of the glucose metabolized is converted to C02 which reflects the predominance of (Terner, 1959 (Text-fig. 4 ). The results were obtained by suspending aliquots of the pooled and washed cell suspension in Norman-Johnson-Solution 2 in which pH was adjusted by addition of dilute HC1 or NaOH. The rate of 14C02 evolution was maximal at the highest pH (8-3) but declined nearly two-fold when pH was reduced to 6-3. It has been noted (Blackshaw & Emmens, 1951) that human sperm motility is enhanced in moderately alkaline media and it is possible that such increases in motility could be related to stimulation in respiratory activity.
The rate of labelled C02 production is also affected by changes in the concentration of glucose (Text-fig. 5 suspensions, glucose oxidation is almost doubled while the glycolytic rate is only slightly increased (10%) (Peterson & Freund, 1968) . This would indicate that oxidation is limited by phosphate acceptors rather than the availability of glycolytic end products at saturating glucose concentrations. We attempted to test this possibility by determining the effects of added adenine nucleotides and inorganic phosphate on labelled glucose oxidation. ADP and 5 , added at 1 mM had little effect on 14C02 production while high concentrations of inorganic phosphate inhibited the rate (Text-fig. 6 ). All three compounds had little or no effect on the glycolytic rate, but it is conceivable that these results reflect in part the inability of the charged nucleotides to penetrate the cell membrane. It may be possible to obtain more conclusive results by using procedures which alter membrane permeability before adding test substances.
We have also initiated experiments designed to determine the metabolic fate of glucose added to sperm cell suspensions. Most (Terner, 1966 (Freund, 1962) . It is not unlikely, therefore, that such specimens will also show variation in metabolic activity. Obviously, similar variation will occur in pooled specimens (as has been shown by Freund & Wiederman, 1966) since such specimens are often obtained from different donors on different days.
The high Zo2 values for human semen reported by Shettles (1940) are the result of failing to correct for plasma oxygen uptake. This also seems true of the results reported by Davis & McCune (1950) , where plasma oxygen uptake was determined in only two specimens. Since uptake in these specimens was appreciably smaller than the average uptake by semen, the authors attributed most of the uptake by semen to sperm respiration. This is hardly justifiable in view of the variation in plasma volume and plasma oxygen uptake that occurs among different specimens. Clearly erroneous Zo2 values will also result if an average value for plasma uptake is subtracted from total oxygen consumption. This appears to have been done by Williams & Hamner (1963) (Nevo, 1966) that human spermatozoa respire in the absence of exogenous substrate and that this endogenous respiration sup¬ ports motility. The mitochondrial apparatus may therefore serve in those circumstances where exogenous hexose is unavailable or in low supply (for example, sperm passage through the female reproductive tract). Presumably, lipid reserves support this respiration.
